PRO-Active Computing

. Get Physical
. Get Redl
. Get Out

Dr. David Tennenhouse, Director
Information Technology Office
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A Brief History of
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Lets “Declare Victory” on
Command & Control!

e Get Physical

e Get Real

e Get Out




o \Why Now?

e How?
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Com putersBe?

WhereHasCS — Where Are The

Focused? Processors?
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Micro-controller Solutions
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| nflection Points

= Rainvention of embedded processors

» Deep Networking of the missing 98%

-« | |mits of interactive computing




&3 4 Isn't This The Same@®
ASJJDIQUJIQUSQQmpuImg?

 Human productivity IS common objective

 However, ubiquitous computing remains
~ centered on

— Human-in-the-loop paradigm
— White-collar applications




Move Forward?

* Where are the opportunities?

—Getting Physical
—Getting Real
Getting Out




Attain pervasive
physical locality to
subjects of interest

Direct coupling to
the physical world
via networked

devices

o Targets: Vehicles, Infrastructure, Factories, Human Body




~ —Virtual Radios

ware-Enabled Control
—National Scale Instrumentation

—Sensor Information Technology.




Virtual Radios ‘#m»a

if((guppi_open("guppi0” pages)) <0)
exit(0);
guppi_start_rec();

for (i=0; i< NumBlocks ; i++){

for (j=0 : j< IntsPerBlock ;_j++){

RealTap_ptr=RealTap;

OutputDa_taRea
OutputDatalmal

a=cos(TwoPi * L= " Freqln * index);
b=sin(TwoPi * (JI ' - Iy reqin * index);
: -

for ( k=0; k< Fl|t(
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if ((veloc < 2.0) & (accel <
0.05) & (alt > 5.0)) then
transi ti onnode(f orward,
hover, vel oc, accel , al t)
el seif (accel > 1) {
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o Software to bridge the gap between
— single nodes and useful systems

IS missing ...

—How do you enable “multi-tasking” of

large collections of embedded nodes?

—How do you “guery” a sensor network”




Let’'s Get Real

Operate at Faster-Than-Human (>10hz) Frequencies

* Drive applications towards real-time,

~e Sgueeze latency out of every systeng

~» Epable fine-grained, high frequency

Interaction across subsystems.




—Quorum:-Operating Syst
Faster-Than-Real-Time Simulation

—Just-In-Time Hardware
- —PRO-Active Biology




Enhancements toNT

Dynamic Response to Mixed Workloads

(Endo, et al, 1996)

Number of Events

Jllll




=

2
Gettin

A %’ »
T3 Faster-Than-Real-Time #a'
Network S imulations

kg A

simul ators

real world
networks




Getting

Just-in-Time
Hardware




4 5PRYQ -Active Biology ‘ s

Real-Time
Monitoring

~ Accessto B N —
~ Experiments 88~ .
— In Progress




Getting Out

People are Peopleare  Peopleare ﬁ

Operators / Users /4 PRECI OUS
_ /\/ﬂ

Get the Humans Out /
Above the “Loop”




Get the Humans Out / Above the “Loo

» Sample Challenges / Opportunities

—First Class Software for Robotics

—Distributed Agents / Knowbots

—“Above the Loop™ Approaches to HC
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-~ Leveragetheprogress Goal -

in mechatronics Many robots/
__ person
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/ State-of -the-Art Proposed
. Onerobot/  Research

, PErson

evelop the missing software




;:érjeamgOf Knowbots’ &

\

» | everage mobile code (agents) to
achieve autonomous negotiation of

-~ large scale problems.

—faster-than-human-speed

—millions of knowbots / person

—allocation good enough & seon enougly




— Getting
Out

o WWhat Has Worked?

—Interactive HCI Platforrs Computer

Single focal point/ !

e \What about the PRO-active HCI?

How does a person direct thousand
of devices? or millions of agents?




» Technical Challenges / Opportuniti
—Autonomous Knowhbots
—Active Networks
—Active Software




- Packets




Active Software

~~ Software That Reconfigures
Itself While Running

How does code mobility change the
way we think about software?




A4 can We Get Physical /
Redl | Ot | Safely?

YES...
but that’s another storyj




22 How Does PRO-Active

**° Move DoD Forward?

* Dynamic Ba

lefiela

« Affordable, Precision Target Engagemeni
« Mobile, Distributed €

e Combined Manned & Unmanned Warfareé
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e \We have only addressed 2% of the CPUS&}
e The other 98% are embedded

« How does the world change with:
— 1,000 processors / person?
— Too many to bother keeping track of?




